Psoriatic lesions are characterized by hyperproliferation, aberrant differentiation of keratinocytes resistant to apoptosis and inflammation. miR-31 plays pro-proliferative, pro-differentiative and pro-inflammatory roles and modulates apoptosis in psoriatic keratinocytes. Endothelin-1 (ET-1) is produced by psoriatic keratinocytes and suppresses apoptosis. Inflammation increases the production of ET-1, which in turn leads to the chronic stimulation of keratinocyte proliferation. The aim of this study was to identify the putative link between two potential biomarkers (miR-31 and ET-1) in patients with psoriasis. The study design included experimental group (29 patients with psoriasis), and the control group (22 blood donors). The PASI score evaluated the state of the disease (median: 18.6; interquartile range 14.5-20.9). Both, the serum level of ET-1 and the whole blood level of miR-31 were significantly increased (p<0.001 and p<0.05, respectively) in patients compared to the controls. However, a significant negative relationship between ET-1 and miR-31 was observed (Spearman's rho=-037, p=0.05).
Introduction
Psoriasis vulgaris is a multifactorial autoimmune disease with a prevalence of 2-3 % in Europeans (Parisi et al. 2013) . The pathogenesis of psoriasis is complex and the exact mechanism remains elusive. The disease is thought to result from a combination of genetic, epigenetic, and environmental variables. Psoriasis affects primarily the skin and/or joints and is characterized by immunopathological inflammation, angiogenesis and keratinocyte hyperproliferation (Deng et al. 2016 , Kondelkova et al. 2015 . Keratinocytes derived from psoriatic plaques are resistant to induction of apoptosis as compared to keratinocytes derived from normal skin (Lerman et al. 2011) .
Endothelins (ETs) comprise a family of four Vol. 66 endogenous peptides (ET-1, ET-2, ET-3 and ET-4) (Olender et al. 2016 ). Numerous studies have described their pleiotropic biological activities, which contribute to the pathophysiology of numerous diseases (Lewicki et al. 2015 , Nishiyama et al. 2016 , Olender et al. 2016 . ET-1 is a 21 amino acid peptide that is described as a vasoconstrictor, autocrine/paracrine mitogen and suppressor of apoptosis in the human body (de Miguel et al. 2015 , Shichiri et al. 2000 , Tsai et al. 2015 . Endothelin-1 (ET-1) is produced in psoriatic keratinocytes and acts as an autocrine growth factor for these cells (Simeone et al. 2004) . MicroRNAs (miRNAs) are small noncoding RNAs of 19-24 nucleotides in length that function as posttranscriptional modulators of mRNA expression by suppressing mRNA translation or enhancing mRNA degradation (Amr et al. 2016) . Abnormal regulation of miRNA expression has been implicated in the pathogenesis of several diseases, including chronic inflammatory disorders such as psoriasis (Wang et al. 2016 , Stepicheva and Song 2016 . MicroRNAs have also been suggested as potential biomarkers of immunepathological inflammation (Wu and Chen 2016) .
miR-31 is a highly conserved miRNA that has been involved in both normal physiological processes (e.g. immune system functions) as well as in pathological processes (e.g. skin homeostasis) in various diseases, including oncologic and inflammatory diseases (e.g. psoriasis) , Schneider 2012 , Stepicheva and Song 2016 , Wang et al. 2016 . This high degree of complexity may be caused by many molecular targets of miR-31 (Peng et al. 2012 , Xu et al. 2013 . miR-31 regulates diverse cellular and developmental processes by targeting genes involved in cell proliferation, apoptosis, cell differentiation, and cell motility (Stepicheva and Song 2016, Schneider 2012) .
The aim of the current study was to identify the putative link between two potential biomarkers (miR-31 and endothelin-1) in psoriasis. The results provide new insights into the molecular basis of immunopathological inflammatory reactions in patients with psoriasis.
Methods

Observed groups and collection of biological samples
Our work included two groups of people. The experimental group consisted of 29 patients with psoriasis, and the control group consisted of 22 healthy blood donors.
Patients with active plaque psoriasis were selected to be included in the study between 2014 and 2016 at the Department of Dermatology and Venereology, University Hospital, Hradec Kralove. The group consisted of 15 women and 14 men (average age: 46 years; age range: 18-69 years; 18 smokers and 11 nonsmokers). Subjects with infections or other inflammatory diseases were excluded from the study. Similarly, patients suffering from psoriatic arthritis were excluded. The patients were not treated with any drugs that affect inflammatory reactions. The control group (CG) consisted of 11 women and 11 men (average age: 46 years; age range: 45-59 years; 6 smokers and 16 non-smokers).
Two samples of peripheral blood (with and without the anticoagulant) were collected from the cubital vein of all persons in both groups (BD Vacutainer sampling tubes; VACUETTE ® , K3, EDTA; VACUETTE ® LH 68, Becton-Dickinson, USA). Blood serum was subsequently isolated by centrifugation (from one sample). Whole blood and blood serum samples were stored under -70 °C until analysis. Repeated thawing and freezing cycles were avoided. The Ethics Committee of the University Hospital in Hradec Kralove, Czech Republic approved our work. Informed written consent was obtained from each person in both of the studied groups.
Psoriasis area and severity index (PASI score)
The state of disease was evaluated according the basic characteristics of actual disease status (erythema, desquamation, and skin infiltration) and expressed as the Psoriasis Area and Severity Index (PASI) score (Malkic Salihbegovic et al. 2015) .
Serum levels of endothelin-1 (ET-1)
Before analysis, the serum samples were diluted by a ratio of 1:2. The levels of ET-1 were detected by a Luminex bead-based multiplex assay, using magnetic beads and a premixed multi-analysis kit (R&D Systems, USA). The detection range was 4.1-7.760 pg/ml. The fluorescence value was read by a Bio-Plex 200 analyzer (Bio-Rad, USA).
Whole blood miR-31 expression
The total amount of RNA, including miRNAs, was purified from 100 µl of the whole blood sample using Direct-zol™ RNA MiniPrep (Zymo Research, Irvine, CA, USA). RNA was subsequently eluted in 30 µl of DNase/RNase-Free water and RNA concentration and purity were determined spectrophotometrically using a NanoDrop ND 1000 (Thermo Fisher Scientific, Wilmington, DE, USA). Optical densities were measured at 260 nm and 280 nm, and a A260/280 ratio was calculated. After the isolation, the samples were immediately processed or stored at -70 °C.
Synthesis of cDNA was performed using TaqMan® Advanced miRNA cDNA Synthesis Kit with universal reverse transcription primers (Applied Biosystems, Foster City, CA, USA). We followed the manufacturer's protocol and used 8-10 ng of the total RNA for the reaction. Real-time PCR was performed using a Rotor Gene Q (Qiagen, Hilden, Germany), TaqMan ® Fast Advanced Master Mix (Applied Biosystems) and specific TaqMan ® Advanced miRNA Assays (Applied Biosystems). Assay hsa-miR-31-5p was used for miR-31 detection, and assay hsa-miR-361-5p was used for miR-361 detection; the latter served as an endogenous control. All real-time PCR reactions were performed in triplicate, and the reaction volume was 10 µl, including 2.5 µl of the sample. The reaction conditions were set according to the manufacturer's protocol. The protocol involved enzyme activation at 95 °C for 20 s followed by 40 cycles of both denaturation at 95 °C for 3 s and annealing/extension at 60 °C for 30 s. Obtained data were analyzed using the Rotor-Gene Q Series Software. Relative expression of each miRNA was determined using the 2 -ΔΔCt method with expression levels of miR-361 used for data normalization.
Statistical analysis
Statistical analyses were performed using R software version 3.3.2 with the "nortest" and "psych" packages (R Core Team 2016). Because the AndersonDarling test for the normality of the data had rejected the hypothesis of a normal distribution, nonparametric tests were used. The association between selected parameters was evaluated by Spearman Rank Order Correlations, and intergroup differences were evaluated using the Wilcoxon test. The results were considered to be statistically significant when the probability level (p) of a Type I error was below the alpha level of 0.05.
Results
The median of PASI score for the group of patients was 18.6 (interquartile range: 14.5-20.9). The statistical analysis of the results showed that ET-1 serum levels in patients were significantly higher (median: 6.44; interquartile range 6.24-6.93) than levels measured in the healthy controls (median: 5.80; interquartile range 5.41-6.05; p<0.001). Similarly, whole blood miR-31 in the group of patients was significantly overexpressed (median: 0.52; interquartile range: 0.28-1.28; p<0.05), when compared to that measured in the group of healthy controls (median: -0.17; interquartile range: -0.66-0.64).
We found a significant negative relationship between ET-1 and miR-31 in the group of patients (Spearman's rho=-0.37, p=0.050). The relationship between ET-1 and miR-31 in the group of controls was not significant (Spearman's rho=-0.13, p=0.556) (Fig. 1) . In the group of patients, we did not find significant relationships between miR-31 and the PASI score (Spearman's rho=-0.240) or between ET-1 and the PASI score (Spearman's rho=0.137). Fig. 1 . The scatter plot depicts the serum levels of endothelin-1 (ET-1) and miR-31 in patients with psoriasis (n=29) and control subjects (n=22). Each point represents a single subject (open circles: patients, dark circles: controls). While there was no significant relationship between ET-1 and miR-31 in controls (Spearman's rho=-0.13, p=0.556), for patients, we found a significant negative correlation between ET-1 and miR-31 (Spearman's rho=-037, p=0.05).
Discussion
Psoriatic lesions are characterized by inflammation and hyperproliferation with aberrant differentiation of keratinocytes. The important role of keratinocytes in mediating the disease process is evidenced (Helwa et al. 2015) .
Apoptosis, a genetically controlled cell death program (Shichiri et al. 2000) , plays a pivotal role in the Vol. 66 development, differentiation, and defense of skin homeostasis (Elango et al. 2017 , Lerman et al. 2011 . Recent data showed that hyperproliferation of keratinocytes and decreased epidermal keratinocyte apoptosis (via the action of inflammatory mediators) are principal clinical aspects of psoriasis (Deng et al. 2016 , Elango et al. 2017 , Lerman et al. 2011 .
Keratinocytes of healthy persons produce cytokines/chemokines, variety of growth factors, and regulate skin barrier function (Smithrithee et al. 2015) . Abnormalities in any of these processes may result in chronic disease, such as psoriasis. Keratinocytes from psoriatic epidermis express much higher levels of cytokines and growth factors (Lerman et al. 2011) . Therefore, the drugs (biological therapy) that act by inhibiting these higher levels of cytokines have an important role in the treatment of these diseases (Deng et al. 2016) . Some of the keratinocytes can stimulate cell proliferation through an autocrine loop stimulated by peptides such as ET-1 (Simeone et al. 2004) . Control of this upregulated growth is an attractive mechanism for therapeutics (Simeone et al. 2004) . Modulation of ET-1 may be the target of such therapy of psoriasis (Simeone et al. 2004) .
In presented study we found significantly increased serum level of ET-1 in the psoriatic patients compared to the control group (p<0.001). Other authors present similar results. The higher expression of ET-1 in biopsy samples of skin lesions was documented in inflammatory and neoplastic skin diseases with keratinocyte proliferation, including psoriasis (Salem et al. 2015) . Other studies with psoriasis patients showed elevated levels of plasma endothelins ET-1 and ET-2 (Trevisan et al. 1994, Zachariae et al. 1996) and serum endothelin ET-1 (Bonifati et al. 1998) .
We found significantly elevated whole blood level of miR-31 in the psoriatic patients compared to the control group (p<0.05). A number of studies have shown the important role of miRNAs in skin biology and diseases associated with the activation of the endothelin system. These diseases include cancer, kidney disease, cardiovascular diseases, inflammatory diseases, infectious diseases, and blood diseases, all of which may be aggravated by aberrant miRNAs expression (von Brandenstein et al. 2012 , Feng et al. 2017 .
According to Wang et al. (2016 Wang et al. ( , 2017 ) the miRNAs play a regulatory role in inhibition of protein expression and altered expression of miRNAs can be associated with cancer development and progression. As these authors reported, downregulated expression of miR-31 is significantly associated with poor tumor differentiation, lymph node metastasis, advanced T stage and worse overall survival, suggesting that miR-31 have a suppressive role in progression of gastric cancer (Wang et al. 2016) . Several studies suggest that miR-31 activity can be disrupted during the onset and progression of inflammatory disorders like psoriasis (Li et al. 2015, Stepicheva and Song 2016) .
Generally, it seems that ET-1 can affect apoptosis in the sense of its suppression, while miR-31 rather in the sense of its promotion. In our study we found negative correlation between elevated serum levels of ET-1 and upregulation of miR-31 (Spearman's rho=-037, p=0.05) and we assume that a negative feedback loop may be present between miR-31 and ET-1. Van Gele et al. (2016) stated that the miRNAs could serve as biomarkers that predict disease predisposition or reflect the degree of illness (Van Gele et al. 2016) . This information supports the assumption that the level of miRNAs is changing according to the condition of the disease. Our patients were examined in various stages of intensity of the acute phase of their disease (PASI score, interquartile range: 14.5-20.9), which could affect the situation in their balance among the factors influencing suppression and promotion of apoptosis (including the balance between influence of the ET-1 and the miR-31).
Despite all the existing data, we are still far from understanding the biological pathways targeted by miR-31 (how the miR-31 contributes to the regulation of the inflammatory response).
Conclusion
Our results indicate that miR-31 and ET-1, potential biomarkers of the disease, play significant roles in the pathophysiology of psoriasis vulgaris.
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